Cooling stored grain to prevent spoilage in the top layers by Clayton, J.T.
COOLING STORED GRAIN 
TO PREVENT SPOILAGE 
IN THE TOP LAYERS 
Circular 764 
By J. T. Clayton, Assistant Professor,
Agricultural Engineering 
UNIVERSITY OF ILLINOIS· COLLEGE OF AGRICULTURE
EXTENSION SERVICE IN AGRICULTURE AND HOME ECONOMICS 
S T O R E D  G R A I N  O F T E N  M O L D S  A N D  C A K E S  D U R I N G  F A L L  A N D  W I N T E R ,  
e v e n  i n  w e a t h e r t i g h t  b i n s .  S u c h  s p o i l a g e  u s u a l l y  f o r m s  a  b o w l - s h a p e d  
m a s s  r a n g i n g  f r o m  1  t o  2  f e e t  d e e p  a t  t h e  t o p  c e n t e r  o f  t h e  b i n  a n d  
b e c o m i n g  t h i n  o r  d i s a p p e a r i n g  a l t o g e t h e r  a t  t h e  s i d e  w a l l s .  
T h e  r e a s o n  g r a i n  m a y  s p o i l  d u r i n g  t h e s e  s e a s o n s  i s  t h a t  m o i s t u r e  
c o n t e n t  t e n d s  t o  i n c r e a s e  i n  t h e  s u r f a c e  l a y e r s  - o f t e n  a s  m u c h  a s  4  t o  
6  p e r c e n t a g e  p o i n t s .  
T h i s  a c c u m u l a t i o n  o f  m o i s t u r e  i n  t h e  s u r f a c e  l a y e r s  m a y  o c c u r  
e v e n  w h e n  g r a i n  i s  s t o r e d  b e l o w  a  s a f e  m o i s t u r e  l e v e l .  I n  s u c h  c a s e s ,  
t h e  r e a s o n  f o r  t h i s  a c c u m u l a t i o n  o f  m o i s t u r e  i s  t h a t  w a t e r  v a p o r  " m i ­
g r a t e s "  f r o m  v a r i o u s  p a r t s  o f  t h e  b i n  a n d  c o l l e c t s  i n  t h e  s u r f a c e  l a y e r s .  
W h y  M o i s t u r e  M i g r a t e s  
D u r i n g  f a l l  a n d  e a r l y  w i n t e r ,  g r a i n  n e a r  t h e  w a l l s  a n d  s u r f a c e  o f  
t h e  b i n  c o o l s  r a p i d l y ,  b u t  g r a i n  a t  t h e  c e n t e r  r e m a i n s  w a r m  ( F i g .  1 ) .  
B e c a u s e  o f  t h i s  d i f f e r e n c e  i n  t e m p e r a t u r e ,  m o i s t u r e  s l o w l y  b u t  s t e a d i l y  
m o v e s  f r o m  t h e  w a r m e r  t o  t h e  c o o l e r  a r e a s  - f r o m  g r a i n  a t  t h e  c e n t e r  
o f  t h e  b i n  t o  g r a i n  n e a r  t h e  s u r f a c e .  
D u r i n g  f a l l  a n d  e a r l y  w i n t e r ,  g r a i n  n e a r  t h e  w a l l s  a n d  s u r f a c e  o f  t h e  b i n  c o o l s  
f a s t ,  w h i l e  g r a i n  a t  t h e  c e n t e r  s t a y s  w a r m .  T h i s  d i f f e r e n c e  i n  t e m p e r a t u r e  
c a u s e s  m o i s t u r e  t o  m o v e  f r o m  t h e  w a r m  t o  t h e  c o o l  a r e a s  a n d  a c c u m u l a t e  
t h e r e .  B y  s p r i n g ,  t h i s  a c c u m u l a t i o n  o f  m o i s t u r e  c a u s e s  g r a i n  i n  t h e  t o p  l a y e r s  
t o  m o l d  a n d  c a k e .  ( F i g .  1 )  
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During spring and summer, moisture tends to move in the reverse 
direction, because grain near the walls and surface warms faster than 
grain at the center of the bin. But by the time this occurs, the surface 
grain has usually molded and caked. 
How to Control Moisture Migration 
The only way to control this migration of moisture is to prevent 
large differences in temperature within the grain. The most effective 
way of doing this is by cooling. 
Cooling involves drawing cold air from outside the bin and circu­
lating it through the grain. Air is drawn downward through the grain, 
not upward, as is done when grain is artificially dried. In this way, 
warm, moist air is expelled directly from the bin instead of being 
forced to the surface where the grain is cold and where condensation 
is likely to occur. 
ARRANGEMENT FOR COOLING GRAIN IN A RECTANGULAR BIN. 
The air duct itself or inlets into the air duct should extend to within 4 feet of 
the end walls. (Fig. 2) 
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C o o l i n g  i s  m o s t  e f f e c t i v e  w h e n  i t  i s  s t a r t e d  i n  l a t e  N o v e m b e r  o r  
e a r l y  D e c e m b e r  a n d  c o n t i n u e d  u n i n t e r r u p t e d l y  f o r  3  t o  6  w e e k s .  
C A U T I O N :  T h i s  p r o c e s s  i s  n o t  i n t e n d e d  t o  d r y  g r a i n .  C o o l i n g  i s  
d o n e  o n l y  t o  p r e v e n t  m o i s t u r e  f r o m  c o l l e c t i n g  i n  t h e  s u r f a c e  l a y e r s .  
E q u i p m e n t  U s e d  i n  C o o l i n g  
E q u i p m e n t  u s e d  i n  c o o l i n g  c o n s i s t s  o f  a  m o t o r - d r i v e n  f a n  a n d  a n  
a i r  d u c t .  
M o t o r  a n d  f a n  
T h e  m o t o r - d r i v e n  f a n  h a s  t o  b e  s e l e c t e d  a c c o r d i n g  t o  t h e  q u a n t i t y  
a n d  d e p t h  o f  g r a i n  s t o r e d .  I n  b u y i n g  y o u r  f a n ,  t h e n ,  y o u  w i l l  h a v e  t o  
c o n s i d e r  v o l u m e  o f  d e l i v e r y  ( c u b i c  f e e t  o f  a i r  a  m i n u t e  d e l i v e r e d ) ,  
w h i c h  d e p e n d s  o n  t h e  q u a n t i t y  o f  g r a i n  s t o r e d ,  a n d  s t a t i c  p r e s s u r e  ( t h e  
r e s i s t a n c e  t h i s  v o l u m e  o f  a i r  m e e t s ) ,  w h i c h  d e p e n d s  o n  t h e  d e p t h  o f  
g r a i n  s t o r e d .  
V o l u m e  o f  d e l i v e r y  c a n  s a f e l y  b e  a s s u m e d  t o  b e  a b o u t  1 / 2 5  c u b i c  
f o o t  a  m i n u t e  f o r  e a c h  b u s h e l  o f  g r a i n  s t o r e d .  T h i s  m e a n s  t h a t  i f  y o u  
a r e  g o i n g  t o  s t o r e  3 , 0 0 0  b u s h e l s ,  y o u  w i l l  n e e d  a  f a n  t h a t  w i l l  d e l i v e r  
a t  l e a s t  1 2 0  c u b i c  f e e t  a  m i n u t e .  
T h e  d e p t h  a t  w h i c h  g r a i n  i s  s t o r e d  w i l l ,  o f  c o u r s e ,  v a r y  f r o m  t i m e  
A R R A N G E M E N T  F O R  
C O O L I N G  G R A I N  I N  A  
C I R C U L A R  B I N .  T h e  a i r  
d u c t  s h o u l d  e x t e n d  d o w n  t o  
t w o - t h i r d s  t h e  d e p t h  o f  t h e  
g r a i n ,  a n d  t h e  b o t t o m  t w o ­
t h i r d s  o f  t h e  a i r  d u c t  s h o u l d  
b e  p e r f o r a t e d .  ( F i g .  3 )  
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to time, so the soundest procedure is to assume that the bin will be 
completely filled every year. 
Knowing, then, the volume of delivery and the height of the bin, 
you can see from this table how much static pressure your fan will 
have to overcome: 
Static pressurea 
Depth of grain 
corn and soybeans wheat and oats 
Up to 20 feet Va inch % inch 
20 to 30 feet V! inch % inch 
30 to 40 feet % inch 1Ys inches 
40 to 50 feet Y2 inch 1% inches 
a Inches, water gage, based on a volume of delivery of 1/25 cubic foot a 
minute for each bushel of grain stored. 
The air duct 
Arrangements for air ducts for rectangular, circular, and silo-type 
bins are shown in Figs. 2, 3, and 4. These air ducts can be made out 
of wood or metal. If you prefer a metal one, compare the cost of 
making and buying one - the difference may be slight. 
The cross-sectional area of the air duct has to be at least 1 square 
foot for each 1,000 cubic feet of air a minute delivered. A 4-inch­
diameter circular air duct is satisfactory for . a bin with a capacity of 
2,000 bushels or less; a 6-inch-diameter circular air duct is satisfactory 
for a bin with a capacity of 5,000 bushels or less. 
If you make an air duct out of metal, choose a heavy-gage pipe, 
and drill, cut, or punch inlets in it. These inlets should be about Va inch 
in diameter so that grain will not plug or sift into the air duct. If the 
inlets are made larger, a fine-mesh screen should be placed around the 
air duct. Usually, inlets need not be cut or drilled into wooden air 
ducts - slats under them may provide adequate inlets (Fig. 5). 
Air may be taken in at the top of the bin through screened louvers 
(Fig. 2), openings under the eaves (Fig. 3), or hooded openings in 
the roof (Fig. 4) . 
The total area of the inlets, as well as the total area of the air 
intakes, should be at least twice as great as the cross-sectional area of 
the air duct. But in any case, the total area of the inlets must equal at 
least 10 percent of the surface area of the air duct. 
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A R R A N G E M E N T  
F O R  C O O L I N G  
G R A I N  I N  A  S I L O ­
T Y P E  B I N .  A i r  c a n  
h e  d r a w n  i n t o  t h e  
c o l l e c t o r  w h i c h  i s  
c o n n e c t e d  t o  t h e  f a n  
h y  a n  a i r  d u c t  t h a t  
h a s  n o  i n l e t s .  A  p e r ­
f o r a t e d  o i l  d r u m  
s e r v e s  w e l l  a s  a  c o l ­
l e c t o r .  ( F i g .  4 )  
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WOODEN AIR DUCT, only 
one of the many shapes that 
it may take. Usually, inlets 
need not be drilled into a 
wooden air duct - slats under 
them may provide adequate 
inlets. (Fig. 5) 
In rectangular and silo-type bins, the air duct must be installed 
before the bin is filled. In small square and circular bins, the air duct 
can be installed after the bin is full by using a home-type vacuum 
cleaner to suck the grain out of the pipe as it is pushed down. 
For any additional information connected with cool­
ing stored grain or for further details on how to build 
air ducts, see your farm adviser or write to the Depart­
ment of Agricultural Engineering, College of Agricul­
ture, University of Illinois, Urbana. 
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;G r a i n  m a y  s p o i l  i n  s t o r a g e ,  e v e n  i f  m o i s t u r e  i s  p r e v e n t e d  
f r o m  a c c u m u l a t i n g  i n  t h e  t o p  l a y e r s .  T h e  m a j o r  c a u s e s  o f  s p o i l ­
a g e  a r e  i n s e c t s  a n d  h i g h  m o i s t u r e  - t h e  g r a i n  i s  t o o  w e t  w h e n  
s t o r e d  o r  m o i s t u r e  g e t s  i n t o  t h e  b i n  f r o m  t h e  o u t s i d e .  
G r a i n  i n s e c t s  c o n t a m i n a t e  g r a i n  i n t e n d e d  f o r  h u m a n  u s e ,  
b e s i d e s  e a t i n g  a b o u t  2  p e r c e n t  o f  t h e  n a t i o n ' s  f a r m - s t o r e d  
g r a i n  e a c h  m o n t h .  
T o o  m u c h  m o i s t u r e  i n  t h e  g r a i n  c a u s e s  s o u r i n g ,  h e a t i n g ,  o r  
m o l d i n g ,  a n d  promot~~~'fnlecHnfestation a s  w e l l .  G r a i n  c a n  b e  
d r i e d  t o  a  s a f e  mois'tur~ c~ntent b y  u s i n g  h e a t e d  o r  u n h e a t e d  
a i r .  A n d  i t  c a n  b e  k e p t  d r y  i f  t h e  b i n  i s  w e a t h e r t i g h t .  W a l l s ,  
r o o f ,  d o o r ,  h a t c h  o p e n i n g s ,  a n d  c r a c k s  a n d  k n o t s  i n  w o o d e n  
b i n s  o r  o p e n  b o l t  h o l e s  a n d  l o o s e  b o l t s  i n  m e t a l  b i n s  a l l  h a v e  
\  
F  
t o  b e  m a d e  w e a t h e r t i g h t  t o  k e e p  o u t  r a i n  a n d  s n o w .  
G  
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H o w  t o  K n o w  a n d  C o n t r o l  S t o r e d - G r a i n  I n s e c t s  C i r c u l a r  5 1  2
>:  
1 .  
P r o t e c t  Y o u r  S t o r e d  G r a i n  F r o m  I n s e c t s  
C i r c u l a r  7 4 5  
(  
D R Y I N G  S T O R E D  G R A I N  
e  
D r y i n g  S h e l l e d  C o r n  a n d  S m a l l  G r a i n  W i t h  
H e a t e d  A i r  U S D A  L e a f l e t  3 3 1  
D r y i n g  S h e l l e d  C o r n  a n d  S m a l l  G r a i n  W i t h  
U n h e a t e d  A i r  U S D A  L e a f l e t  3 3 2  
K E E P I N G  B I N S  W E A T H E R T I G H T  
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f a r m  a d v i s e r  o r  b y  w r i t i n g  t o  t h e  C o l l e g e  o f  A g r i c u l t u r e ,  
U n i v e r s i t y  o f  I l l i n o i s ,  U r b a n a .  
U r b a n a ,  I l l i n o i s  
J u l y ,  1 9 5 6  
C o o p e r a t i v e  E x t e n s i o n  W o r k  i n  A g r i c u l t u r e  a n d  H o m e  E c o n o m i c s :  U n i v e r s i t y  o f  I l l i n o i s ,  

C o l l e g e  o f  A g r i c u l t u r e ,  a n d  t h e  U n i t e d  S t a t e s  D e p a r t m e n t  o f  A g r i c u l t u r e  c o o p e r a t i n g .  

L O U I S  B .  H O W A R D ,  D i r e c t o r .  A c t s  a p p r o v e d  b y  C o n g r e s s  M a y  B  a n d  J u n e  3 0 ,  1 9 1 4 .  

B M - 7 · 5 6 - 6 0 5 6 5  
